Measurement of nitrate leaching potential of a vertisol using bromide as a tracer under rainfed conditions of the indian semi-arid tropics by Patra, A K & Rego, T J
IX>38-07SCA,7/lf>2l'-65<>-6fi5Sll3.l!0/(l 
Soil S cien ce
C o p y r ig h t 0  IW 7  b y  W ill ia tm  & W ilk in s
S e p te m b e r  l c|l)7 
V o l. 162. N o . ’> 
P r in te d  in  U .S .A .
MEASUREMENT OF NITRATE LEACHUNG POTENTBAL OF A  
VERTOOL USING BROMQDE AS A  TRACER UNDER RAINFED 
CONDITIONS OF THE INDIAN SEMI-ARID TROPICS
Ashok K. Patra1 and Thomas J .  Rego
H igh tem peratures and evaporation in sum m er (April-June) and erratic 
rainfall in the w et season (July-Septem ber) are com m on  features o f  the 
harsh environm ent o f  Indian sem iarid tropics (SAT). T he rainfall o f  this 
region often occurs in  large storm s punctuated by discrete dry spells. D ur­
ing excessive rainy periods there is a strong possibility that a large part o f  
the resident so il-N , especially N O j, N O 7 etc ., m ay m ove beyond the root 
zon e w ith the excess water percolating dow n the soil profile. T o  under­
stand the N  losses through leaching in a deep V ertisol (depth >  150 cm ) 
o f  the Indian SAT, a field experim ent was conducted during the “w et” 
season (June-Septem ber) o f 1992 under rainfed conditions, using brom ide  
(Br- ) as a tracer for N O j\ B rom ide (as NaBr) at 200 k g  ha-1 was applied 
onto the surface o f  a bare fallow  soil, in m icroplots (200 X  200 cm 2), on  
June 15, and its vertical m ovem en t to 100 cm  was m onitored w eekly. R e­
sults show ed that Br~ distribution was influenced strongly by rainfall. A f­
ter 1 w eek (June 15-22), w ith a rainfall o f  64 m m , Br-  was found to  a depth  
o f  60 cm , and whereas m ost (40%) was in the top  layer (0-10 cm ), a total 
o f  90% o f  applied Br-  was recovered to  a depth o f  60 cm . W ith large storms 
occurring in early July (e .g ., 68 m m  on July 2), Br” was m o ved  further 
dow n the profile and accum ulated largely in the 30 to 40-cm  layer. In early 
August, because o f  continuous heavy rainfall, alm ost all Br-  had migrated  
beyond 50 cm  depth. A pproxim ately 40% was not found w ithin the pro­
file (0-100 cm ) on Septem ber 11. In dry spells during late August and early 
Septem ber, upward m ovem en t o f  10 to 20% o f  Br-  was also noticed  at 60 
to 100 cm  depth. T hus, the results dem onstrate that early A ugust m ay be 
a critical period for m axim um  N O j leaching in this soil and em phasize  
the need  o f  advance strategies to reduce these efFects in view  o f  increasing  
need for N  use efficiency and reduction o f  ground water contam ination.
"ITN India, 70%  o f  the cu ltivated  area (136.18 niil- JLlion ha) is u n d e r  rainfed  ag ricu ltu re . P ro d u c ­
tiv ity  o f  this area is n o t  stable, and  in  m an y  regions 
it  is p recariously  lo w  because o f p o o r  soil fertility 
and  resource constrain ts (e.g., irrigation , fertiliz­
ers, im prov ed  seeds etc .). T h is  p rob lem  is w id e ­
spread in  the sem iarid  areas o f  th e  c o u n try  w h ere  
tw o  d o m in an t soil types, red  soils (Alfisols) and 
black soils (Verrisols), co v er th e  m a jo r p o rtio n  o f  
th e  fan n ed  land. Ind ian  V ertisols, in  general, have
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less than  1% organ ic C , and  th e ir  to ta l N  c o n ten t 
rarely exceeds 0.1%  (V irm ani e t al. 1982). I t  has 
b een  d em on stra ted  th a t c ro p  response to  fertilizer 
N  use on  cu ltivated  Verrisols o f  th e  Ind ian  SA T  is 
g o o d  even  u n d e r  rainfed  co nd itio ns  (E l- Sw aify et 
al. 1985). H o w ev er, fertilizer use is still n o t  w idely 
ad o p ted  because o f  th e  eco n o m ic  risk pe rce iv ed  
to  b e  associated w ith  th e  variable soil m o istu re  
regim es u n d e r  S A T  co n d itio n s  an d  its effects on  
processes affecting N  availability in  th e  soil. T h e  
rainfall in SA T  is erratic; it  occurs o ften  in large 
storm s, p u n c tu a ted  by  d iscrete d ry  spells (H u d a  et 
al. 1988). D u rin g  excessive rainy periods the re  is 
a s tro ng  possibility  tha t a large p a rt o f  th e  residen t 
so il-N , especially N O ~ , m ay m o v e  b e y o n d  the 
ro o t zo n e , w ith  th e  excess w a te r p e rco la ting  
d o w n  th e  soil profile. S u ch  losses o f  N  from  these
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soils cause red u ced  N  eco n o m y  as w ell as in ­
creased g ro u n d  w a te r load  w ith  N O ^ . T h e  m ag­
n itu d e  o f  N  use efficiency (o r losses) in  sem iarid  
regions o f  India is in flu en ced  strongly  n o t o n ly  by 
clim ate b u t  also by  m any soil factors (e.g., soil 
dep th , na tive fertility, e tc .). T h e  loss m echanism s 
op e ra tin g  in  V ertisols have b e e n  s tud ied  in  several 
locations. F o r exam ple , C rasw ell and  M artin
(1974) d em o nstra ted  th a t den itrifica tion  was im ­
p o rtan t in  A ustralian Verrisols after heavy rainfall 
events, p ro v id ed  ad equa te  energy  was available to 
d rive  th e  d e n itrif ic a tio n  process. O th e r  re ­
searchers have fou nd  tha t am m o n ia  vo latilization  
was a p o ten tia l p rob lem  w h e n  urea was surface 
applied  (H argrove 1988; Patra e t  al. 1996). In 
o th e r  studies, th e  reco very  o f  applied 15N  in 
drainage w a te r ind icated  th e  loss o f  N  th ro ug h  
leach ing  from  V ertisols (Kissel e t  al. 1974). In  the 
deep Verrisols o f  th e  Indian  SA T, h ow ever, it has 
been  p resu m ed  that leach ing  is co n fin ed  to  the 
onset o f  th e  ra iny  season w h en  th e  w a te r p e rco ­
lates th ro u g h  soils read ily  (K rantz and  K am pen  
1978) because o f  im perm eab ility  to  w a te r w h en  
saturated  (V irgo 1981). S im ilar assum ptions for 
Ind ian  V ertisols have also b een  m ade by  o th e r  
w orkers  (H o n g  e t al. 1992; K atyal 1994)! T hese  
assum ptions, h ow ever, have y e t to  b e  suppo rted  
by  d irec t m easu rem en t o f  N O j  losses in  field 
conditions.
In  the p resen t study  a field ex p erim en t was 
co n d u c ted  to  investigate th e  pa ttern  o f  B r" 
m o v em e n t and  to  estim ate th e  p o ten tia l fo r N O j  
leach ing  losses from  a deep  V ertisol u n d er rainfed 
sem iarid tropica! co n d ition s  o f  this ag ro -c lim atic  
region .
In  this study, b ro m id e  (B r") was used as a 
tracer fo r N O ^  because o f  th e ir  sim ilarity  in 
charge an d  m ob ility  in  s o il-w a te r  systems and  lo w  
Br" b a ck g ro u n d  co n cen tra tio n . F or exam ple, us­
in g  soil co lum ns, S m ith  and  D avis (1974) o b ­
served th a t m o v em e n t o f  B r-  in  subsoils is d ie  
same as t h a to f N O “ . O n  irrig ated  plots, H arg rove 
an d B ausch  (1973) used th e  leach ing  rate o fB r~  as 
a standard  o fco m p ariso n  fo r th e  leach ing  o f  th ree  
N  fertilizer sources. O n k e n  e ta l. (1977) used large 
irrigated  field plots and  rep o rte d  tha t N O j  and  
B r' m o v e  sim ilarly in  soil u n d e r  field conditions. 
T h e  use o f  B r-  to  assess the po ten tia l for N O "  
m o v em en t has also b een  m ade by  several o th e r  
w orkers (see B o w m an  1984; L evy an d  C ham bers 
1987; S ilv e rto o th  e t al. 1992). B ro m id e has the 
additional advantages o f  n e ith e r  degrad ing  n o r  
volatilizing  and, thus, is n o t  lost from  the soil p ro ­
file o th e r  th an  b y  deep  leach ing  o r  p lan t up take 
(S ilvertoo th  et al. 1992; Li e t aL 1995). T h e  dis­
advan tage is tha t because B r- is a b io logically  co n ­
served tracer, a co m p le te  p ic tu re  o f  the fate o ffe r-  
tilizer N  in so il-p lan t system s can n o t be  d e ter­
m ined  (S ilvertoo th  e t al. 1992).
M A T E R IA L S  A N D  M E T H O D S  
Climate
T h e  ex p erim en t was co n d u c ted  d u rin g  the 
w e t season o f  1992 at the IC R IS A T  C en ter, 
w h ich  is located  ab o u t 26  k m  n o rthw est o f  H y ­
derabad, India (17°N , 78°E, altitu de  545 m). T h e  
clim atic pa ttern  o f  this reg io n  is characterized  by 
h igh  tem peratures (m ean 26°C) and  a strongly  sea­
sonal and  h igh ly  variable rainfall. T h e  m ean annual 
precip ita tion  (1966-1995) at th e  IC R IS A T  cen ter 
is 826 m m , w ith  m o re  than  80%  foiling b e tw een  
e a rly ju n e  and  early O c to b e r  (Fig. 1) in the sou th ­
w est m o n so on . Typically , a substantial p ro p o rtio n  
o f  annual rainfall in  this reg io n  com es in b r ie f  ir­
regular and  in tense storm s tha t crea te n u trien t 
losses an d  erosion p rob lem s (El-Sw aify e t al. 1985; 
H u da  e t al. 1988). O n se t o f  rain  is also relatively 
unp red ic tab le  an d  h igh ly  variable in  na tu re  during  
this season. T h e  co -effic ien t o fv aria tion  o f  annual 
rainfall in  SA T  is 20 -30 % . M ay  is the ho ttest 
m o n th  in  the reg ion , w h en  m ax im um  and m in i­
m u m  eenrperatures (3 0 -y ea r average) rem ain  
ab o u t 39° and 25°C , respectively. D u rin g  th e  w e t 
season (Jufy -S eptem ber), these tem peratures have 
been  reco rd ed  at a ro u n d  30° and  20°C , respec­
tively. A n o th e r feature o f  the clim ate is the h igh 
annual po ten tia l ev apora tion  rate (annual m ean 
1756 m m ) (Fig. 1), th e  h ighest rates o ccu rring  in 
the h o t m on th s p r io r  to  th e  rainy season; thus the 
m ax im u m  daily open  pan  ev aporation  occurs in 
M ay. In  th e  rainy season, daily evapora tio n  m ay be 
as lo w  as 1 m m , b u t  it  rises to  8  to  9 m m  on  clear 
days. A  to ta l o f  28 m m  o f  rain  fell d u rin g  M ay  and 
3 4 111111 fell on  Ju n e  10, 1992. T hese  early show ers 
aided tillage o pe ra tio n  an d  p repa ra tion  o f  the plots 
for the p resen t ex perim en t.
Soil
T h e  soil was a deep  fine sm ectitic , calcareous, 
h y p erth erm ic  Typic Pellustert (m ean d ep th  > 1 5 0  
cm ) (black soil). T h e  clay c o n te n t increases on ly  
slightly  w ith  d ep th . B efore co m m en c in g  th e  ex­
pe rim en t, soil sam ples w e re  co llec ted  a t 1 0 -c in  
increm en ts  o f  to  a d ep th  o f  1 0 0  cm  to  character­
ize the physical and  chem ical p roperties  (T able 1). 
F or soil analysis, p H  was d e te rm in ed  by  a glass 
elec trode , o rg an ic -C  by  d ich ro m ate  ox id a tion  
(W alkley  and  B lack 1934), and  ca tio n  exchange 
capacity  b y  I N  sod ium  acetate  so lu tion  (pH  8.2)
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Fig. 1. Monthly rainfall and potential evaporation (PE) of Hyderabad, India.
as described by Jack son  (1967). A m m o n iu m  and 
N O "  co n ten ts  w e re  d e te rm in ed  w ith  M g O  and 
D evardas alloy as described  by  B rem n er (1965), 
and  to ta l N  b y  K jeldahl m e th o d  (B rem ner and 
M ulv aney  1982). T h e  b u lk  density  was m easu red  
using  cylindrical m etal co re  sam plers as described 
b y  B lake (1965).
Experimental 
T h is  e x p e r im e n t was c o n d u c te d  in  m i­
c ro p lo ts  c o n s tru c te d  w ith  iro n  b a rrie rs , 30  cm  
h ig h  an d  2 0 0  X 2 0 0  cm - in  area, e m b e d d e d  in 
th e  soil to  a d e p th  o f  2 0  cm  to  p re v e n t ru n -o f f  
losses. In  a d d itio n , each  m ic ro p lo t was p ro ­
te c te d  b y  a b o rd e r  o f  a lu m in iu m  sh ee t p laced  a t 
a 5 0 -c m  d istan ce  a n d  in se rted  to  th e  sam e d ep th  
(20 cm ). T h e re  w e re  th re e  rep lic a tio n s  o f  the 
tre a tm e n t. A c o n tro l p lo t was n o t  in c lu d ed  in  
th e  e x p e r im e n t as th e  b a c k g ro u n d  c o n c e n tra ­
tio n  o f  Br~ w as n eg lig ib le  ( <  i m g  k g ~ J). T h e
lay o u t o f  th e  ex p e rim en ta l p lo ts  is p re sen te d  in 
F ig. 2.
O n  J u n e  15, 1992, b ro m id e  (as N aB r, A R  
grade) dissolved in  1000 m L  distilled w a te r was ap ­
p lied  un ifo rm ly  w ith  a h an d -h e ld  sprayer ov e r the 
en tire  soil surface o fea ch  m ic ro p lo t at a rate o f  2 0 0  
k g  h a-1 . A t this rate, 103 g  N a B r was req u ired  for 
each m icrop lo t. B efore apply ing  th e  B r-  so lu tion , 
several trials w e re  g iven in  the n e ig h b o rin g  area 
w ith  sam e am o u n t o f  N aB r-free  w a te r to  de ter­
m ine  a m e th o d  fo r un ifo rm  d istribu tion  o fB r"  on  
th e  ex perim en ta l plots. B ro m id e  was also applied 
at th e  sam e rate to  th e  area b e tw ee n  the iro n  bar­
rier an d  th e  a lu m in ium  sheet to reduce  th e  possi­
ble effects o f  lateral m o v em en t, fro m  th e  treated  
m ic ro p lo t areas. O n e  day after application , the 
N a B r was inco rp o ra ted  lightly  in to  the soil to  a 
d ep th  o f  5 cm  w ith  a small garden type h a n d  cul­
tiva to r (Bicki and  Lei 1991). T h e  plots w e re  k ep t 
w eed  free, and n o  c ro p  was grow n.
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Som e properties o f  the  soil (Vertisol) at different depths, in M ay 1992
D epth  (cm)
Property 0 -1 0 10-20 20-30 3 0 -4 0 40-50 50-60 60-70 7 0 -8 0 80-90 90-100
p H  (1:2 soil to water) 8.35 8.35 8.35 8.40 8.40 8.43 8.50 8.55 8.50 8.70
C E C  (c m ol (+ ) k g - ') 38 38 45 44 48 47 46 41 49 50
O rg a n k -C  (%) 0.51 0.50 0.48 0.44 0.46 0.42 0.41 0.38 0.39 0.39
N H ;- N  
(mg kg - ')
6.4 5.3 5.0 4.5 3.3 4.2 4.5 4.8 4.5 4.5
N O ,'-N  
(mg k g  -')
1.5 2.0 2.0 1.0 2.1 2 2 < 1 .0 1.8 t . l 1.5
B r-(m p  k g '1) < 1 .0 < 1 .0 < 1 .0 < 1 .0 < 1 .0 < 1 .0 < 1 .0 < 1 .0 < 1 .0 < 1 .0
Tocal-N
(mg k g - ')
551 535 466 435 438 404 372 352 361 345
C /N 9.2 9.3 10.3 10.1 10.5 10.4 11.0 10.8 10.8 i 1.3
Bulk density 
(M g o r ' )
1.18 1.22 1.25 1.37 1.43 1.44 1.43 1.42 1.41 1.41
Soil sam ples w e re  tak en  u s in g  co re  sam plers 
(6  cm  d iam eter) in  in c rem en ts  o f  1 0  to  1 0 0  cm  
at variou s dates after B r~  ap p lica tio n , e x cep t on  
S ep tem b e r 11 w h e n  sam p lin g  was m ade u p  to  a 
d e p th  o f  150 cm . E ach  sam ple h o le  was back ­
filled w ith  soil o f  the sam e d e p th  fro m  an ad ja­
ce n t area. Sam ples co llec ted  fo r  each d e p th  w e re  
transferred  to  labeled , a ir - tig h t, p o ly e th y len e  
bags an d  s to red  in  a freezer u n til  th e  tim e o f  
ch em ica l ex trac tio n . B efo re  analysis, so il sam ­
ples w e re  m ade  free o f  v isib le  roo ts , debris, 
stones ( > 2  m m ), etc . A  p o r tio n  o f  the w e t soil 
was used  fo r  m o is tu re  c o n te n t a n d  a n o th e r  p o r ­
tio n  fo r B r"  e x tra c tio n . M o is tu re  c o n te n t was 
estim ated  g rav im etrica lly  and  ch an ged  to  v o lu ­
m e tric  u s in g  b u lk  density . B ro m id e  in  soil was 
m easu red  b y  th e  m e th o d  o f  A bdalla and  L ear
(1975), w ith  so m e m o d ifica tio ns  to  im p ro v e  th e  
accuracy  o f B r -  reco v ery  fro m  th e  soil (Patra and  
R e g o  1994). B r"  was es tim ated  by  shak in g  2 5 -g  
soil sam ples w ith  49  m L  o f  d istilled  w a te r  an d  1 
m L o f  5 M N a N 0 3 as an io n  s tre n g th  ad ju ste r for 
30 m in ., fo llo w ed  by  f iltra tio n . T h e  filtra te was 
th en  used  fo r B r -  e s tim atio n  u s in g  an io n -sp e -  
cific e le c tro d e  (m od e l P H M  85 p rec isio n  p H  
m e te r , R a d io m e te r , C o p e n h a g e n , D en m ark ). 
O ccasiona lly  th e  filtra te  sam ples w e re  s to red  in  a 
re frig e ra to r (4°C) u n til  co n c e n tra tio n  m easu re­
m en t. T h e  B r“ reco v ery  (%) fo r each 10 -c m  in ­
c rem en ta l d e p th  was d e te rm in e d  using  th e  fol­
lo w in g  ap pro ach :
Soil sam pling dates and daily rainfall distribution 
during  the experim ental period  are presented in Fig. 
3. T otal precipitation (597 m m ) fro m ju n e  to O c to ­
ber 1992 was slightly h igher than the 30-year aver­
age o f582  m m  for the H yderabad region (IC R IS A T  
1978). T h e  daily w eather data, e.g., rainfall and 
evaporation, used in this experim en t w ere collected 
from the IC R IS A T  m eteorological observatory.
R E S U L T S  A N D  D IS C U S S IO N
T h e  vertical co n cen tra tio n  profiles o f  B r"  o n  
d ifferen t dates are sho w n  in  Fig. 4, and  th e  total 
pe rcen t mass recoveries o f  applied  B r '  in th e  top 
100 cm  are g iven  in  T ab le  2. T h e  data ind icate  a 
s tro n g  in fluen ce o f  rainfall on  th e  b ehav io r o f  
B r"  (Fig. 4). F o r exam ple , o n  J u n e  22, i.e. 1 w eek  
after Br~ ap p lica tion  an d  after 60  m m  o f  rainfall, 
B r-  was d is tribu ted  up  to  50  cm  dep th . H o w ev er, 
as m u ch  as 42%  o f B r -  was re ta in ed  in  th e  surface 
layer (0 -1 0  cm ), and  a b o u t 30%  in th e  10 to  2 0 - 
cm  sam ples. B e lo w  20 cm , the rest o f  th e  applied 
Br~ decreased  w ith  dep th .
O n  Ju ly  6 , after the heavy rainfall on  Ju ly  1 (20 
m m ) and  the largest (6 8  m m ) o f  the year on  Ju ly  2 
(Fig. 3), the dow nw ard  m ov em en t o f  B r"  was en­
hanced gready. In fact, only a small am o u n t ( <  1 ()%>) 
o f  B r"  was present in  th e  top  0 to  20 cm , and an al­
m ost equal am o u n t in the 20  to  30 -cm  layer. T h e  
data indicate tha t m ost o f  the Br~ was accum ulated 
at the 30  to  7 0 -cm  dep th  after these events. T h e  dis­
tribution  pattern  o f  B r“ in the profile o n ju ly 2 0  was
vol. o fso ii X bulk  density  X Br~ c o n c . (m g  k g  ‘ soil) 
am o u n t o f  surface-applied  B r-  in  each m icroplot
6 6 0 P a t in a  a n d  R h g o S o i l  S c i e n c e
Vertisol
N
Fig. 2. Field plot layout. Locations of soil samplin9 (1 to 12) 
are shown in each microplot. Rep indicates replication.
som ew hat sim ilar to  that o f ju ly  6 , bu t the am o un t 
o f  B r"  in each layer was com paratively higher. T his 
suggests that B r" had accum ulated beyond  80 cm  
depth and  som e had m oved  upw ard  d u ring  a dry 
period o f  1 w eek  before sam pling on  20 July.
T h e  observa tion  m ade o n  A ugust 17 (T ab le2) 
was o f  g reat significance in  th e  co n te x t o f  N O j  
leaching . B ecause o f  excessive rainfall (218 m m ) 
d u rin g  th e  first h a lf  o f  A ugust, a large v o lu m e  o f  
w a te r m ay have in filtra ted  at the soil surface re­
sulting  in transport o f  th e  B r"  tha t had  accum u­
lated  prev iously  in  th e  2 0  to  60 -cm  layer to  a 
dep th  b ey o n d  100 cm . As a result, o n  A ugust 17 
on ly  36%  o f  th e  applied  B r"  was reco v ered  in  the 
0 to  100 -cm  p rofile . In  th e  sub seq uen t sam pling 
days un til S ep tem b er 11, w ith  dry  spells in late 
A u gu st an d  early  S ep tem b er, a n  increase 
( 1 0  -20 % ) in  B r reco v ery  was observed  at 60 to 
100 cm , ind ica ting  up w ard  flux o f  Br~ from  
d e ep e r  layers. A lth o u g h  th e  m echan ism  o f  u p ­
w ard  flux  o f  B r"  from  d e ep e r layers was n o t s tud ­
ied  in  this ex p erim en t, it  m ay b e  p resu m ed  that 
h igh  tem pera tu res (average m ax im u m  30°C , 
m in im u m  20°C ) d u rin g  d ry  spells cause w a te r  to 
s tart m o v in g  up w ard  for rapid  ev aporatio n . A long 
w ith  th e  w a te r, a p o rtio n  o fB r -  tha t was available 
in  the lo w er layers m ay also start m o v in g  and  be 
d istribu ted  in th e  u p p e r  profile. Possible upw ard  
lateral d iffusion m ay also au g m en t such fluxes.
In  th e  c o n tex t o f  N O j ,  the up w ard  flux  o f  
N O j ,  w h ich  had b e en  accum u la ted  at a g reater 
dep th , has a positive significance in  term s o f  N O j  
availability to th e  crops plants, particu larly  those 
w ith  d eep er ro o tin g  systems.
For estim ating leaching poten tia l for N O ^  in 
this soil, the results clearly indicate that substantial 
losses o f  N O j  cou ld  occur, particularly in the case 
o f  shallow ro o ted  crops such as sorghum , pearlm il- 
lets, etc., because ro o tin g  o f  these crops is lim ited 
largely to  50 cm  depth . I t is ev ident from  the mass- 
balance estimates (Table 2) for the B r"  profile to  a 
dep th  o f  100 cm  tha t poten tial for leaching (Br-  o r 
N O j ) o f  this soil is high. F or exam ple, on 11 Sep­
tem ber, th e  B r-  recovery from  the 0 to  100-cm  
dep d i was 58%. F u rth e r sam pling from  100 to  150 
cm  revealed the presence of27%  o f  B r-  in this zone 
(Fig. 4) and  tha t ab o u t 15% o f  th e  added 13r“ had 
m ov ed  beyond  150 cm  depth . T hus, the earlier as­
sum ptio n  (K rantz and K am pen  1978; Katyal 1994) 
that N O j  leaching m ay n o t b e  a serious prob lem  in 
deep Vertisols is n o t supported  in  this study. B ro­
m ide (or N O 3) p resent in  soil can leach d o w n  eas­
ily as it is n o t held  firm ly by  the soil, and the trans­
port m ay b e  rapid as a result of: (i) preferential flow 
o f  rain w a ter dow n  th e  cracks and  large channels be-
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TABLE 2
Precipitation, evaporation, and percentage o f  applied b rom ide recovery’ from  the profile o f  a 
Vertisol, IC R IS A T , India, on  different dates after N .iB r application
SampJing
dates
(1992)
Total 
precipitation 
after preceding 
sam pling (mm)
Total evaporation 
after preceding 
sam pling (mm)
Cum ulative
precipitation
(mm)
Cum ulative
evaporation
(1 1 1 1 1 1)
Percent applied Br~ 
recovered from 
the profile 
(0 -100  cm)
15 Ju n e 101.4
2 2 Ju n e 61.4 61.7 61.4 61.7 90.1
3 0 June 31.8 47.6 93.2 109.3 91.1
06 July 84.6 33.8 177.8 143.1 70.1
13 July 27.2 48.4 205.0 191.5 94.2
20 July 3,8 43.7 208.8 235.2 90.0
28 July 23.4 45.6 232.2 280.8 89.6
05 A ug 53.0 40.3 285.2 321.1 72.0
17 A ug 164.8 45.2 450.0 366.3 36.0
25 A ug 17.4 34.3 467.4 400.6 54.3
04 Sept 49.5 35.7 516.9 436.3 45.2
11 Sept 8.0 25.7 524.9 462.0 58.7
N ote: B rom ide as N a lir  was applied on Ju n e  15, 1992 at 200 kg ha-1.
tw een  aggregates th rou g h  a soil profile (W ild and 
B abiker 1972; W h ite  1988), and (ii) lateral diffusion 
th roug h  peds and slow  dow nw ard  m ov em en t 
th roug h  small channels, w h ich  m ay be  further en ­
hanced by  anionic exclusions (C am eron  and W ild  
1982) causing transport at high velocity w ith in  the 
preferred channels. B rom ide leaching m ay b e  fur­
th e r accentuated  i f  applications o f  B r“ are follow ed 
by  heavy rainfall as it was during  early Ju ly  and first 
ha lf o f  A ugust in this experim ent. In  m ost soils, and 
especially in structured  clay soils, B r-  accum ulated 
in the large pore system  can be leached rapidly d u r­
in g  large rains o r  irrigation. B rom ide w ith in  aggre­
gates is relatively p ro tec ted  d u rin g  individual 
events, b u t be tw een  events it diffuses to the aggre­
gate exteriors w h en  it can be leached (C am eron  and 
W ild  1982). In this study, lateral m ov em en t ofB r~  
o u t o f  the m icrop lo t m ay n o t b e  high as m ost o f  the 
B r“ (85%) was recovered from  150 cm  depth , and 
only 15% was n o t accoun ted  for, w h ich  m ay b e  lost 
th roug h  lateral m ov em en t o r may be retained at b e­
low  150 cm  depth . M oreover, application o f  Br~ 
betw een  the m icrop lo t and the bo rde r o f  alu- 
m in ium sheet(F ig . 2) at the same rate was m ade p u r­
posely to  m inim ize the effect o f  lateral m ov em en t 
even in large rainfall events.
T h e  clim atic data (T able2) on  total rainfall (525 
m m ) and total evaporation  (462 111111) d u ring  the 
experim ental period  do  n o t indicate that the cli­
m atic po ten tial fo r leaching o f N O ^  is h igh. H o w ­
ever, w h en  th e  total rainfall and  total evaporation 
are calculated o n  a w eekly  basis, it can be  seen that 
the first ha lf  o f  A ugust was a crucial perio d  (see also 
Fig. 1), d u ring  w hich  the soil B r"  m oved  do w n
heavily b e low  the crop  ro o t zone. T h is  study also 
suggests tha t m easu rem en t o f  clim atic potential on 
a m on th ly  basis as m ade by  Sm ith  and Cassel (1990) 
m ay n o t b e  appropriate  for p red ic ting  N O r  leach­
ing  from  th e  soils o f  this region. Such calculations 
should  b e  m ade at least o n  w eekly  basis (Patra and 
S ingh 1996). As m e n tio n ed  earlier, rain often 
conies in large storm s in  th e  SA T  o fln d ia  (H uda et 
;il. 1988); for exam ple, the IC R IS A T  cen ter re­
ceived 85 m m  rainfall in ju s t 2 days (July 1 -2 ,1992 ). 
U n d e r  such conditions, th e  crop can n o t b e  ex­
pected  to  take up  all the N O r  diat is m ade available 
d u rin g  the w e t season, and  the result w ill be  N  de­
ficiency at critical stages o f  crop grow th .
A lth o u g h  this s tu dy  has d e m o n s tra ted  the 
p o te n tia l o f  this V ertiso l fo r lea ch in g  o f  N O ^ , 
o th e r  species such  as N H |  an d  u rea  w ill u n ­
d o u b ted ly  m o v e  d iffe ren tly  th ro u g h  th e  soil, and 
this needs to  b e  ev aluated . F u rth e rm o re , because 
th e re  w as n o  c o m p e titio n  o f  roo ts  fo r available 
B r“ , all th e  read ily  available B r"  was available for 
leach in g  w ith  excess rainfall. In  field co n d itio n s  
w ith  g ro w in g  crops, th e  e x te n t o f  leach in g  o fa p -  
p lied  N O 3 w o u ld  b e  red u c ed  substan tia lly  b e ­
cause o f  p lan t up tak e  an d  N O ^  transfo rm atio n  
processes such  as d e n itrif ic a tio n  an d  im m o b i­
liza tion . H o n g  e t  al. (1992) have re p o r te d  N  
losses as h ig h  as 61%  o f  th e  ap p lied  K N O , in a 
less w e t y e a r  from  a field ex p e r im e n t o n  a shal­
lo w  V e rtic  U s to c h re p t (m ean  d e p th  45 cm ), 
w ith  so rg h u m  crops, h a v in g  a rainfall o f4 8 5  m m  
in  th e  p e rio d  J u n e -S e p te m b e r  1984. A lth o u g h  
H o n g  e t al. (1992) d id  n o t  m easu re  N  losses d i­
rec tly , th e y  ex p la ined  th a t such losses w e re  p re ­
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sum ab ly  th e  resu lt o f  lea ch in g  b ecause  o f  th e  
shallow  d ep th  o f  th e  soil and  in ten se  rainfall fol­
lo w in g  fertilizer app lica tion .
C O N C L U S IO N S
R esults o f  th e  B r"  m o v em e n t pa tterns in  this 
study in fer tha t N O ^ - N  (from  soil o r  fertilizer ap­
plication) n o t taken  u p  by  th e  c ro p  m ay b ecom e 
vulnerab le  to  leach ing . T h is  co u ld  be  a serious 
co nstra in t in  such a soil i f  th e  c ro p -g ro w in g  sea­
son is m arked  w ith  periods o f  excessive rainfall 
(e.g., f irs th a lfo f  A ugust). T o  o v e rco m e  this p ro b ­
lem , adequa te  a tte n tio n  m ust b e  g iven  to  fertilizer 
reco m m en d atio n s. T his m ay b e  accom plished  
th ro u g h  su itable ag ro n o m ic  practices such as the 
split application  o f  fertilizer N  d u rin g  th e  critical 
stages o f  the crop , an d  increasing  th e  rate o f N  ap­
p lica tio n  b y  suitable m e tho ds, such as foliar, im ­
m ed iately  after th e  cessation o f  excessively rainy 
days m ay help  in  th e  qu ick  reco v ery  o f  th e  crops 
from  N  defic iency  and  p ro d u ce  b e tte r  yields.
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